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ABSTRACT

The effects of the limitations imposed by the life
support system upon lunar surface traverse plans are pre-
sented in two charts. The charts are intended as aids in
lunar traverse planning, and are useful in determining the
operational tradeoffs available. They relate total traverse
distance, PLSS consumables usage, total time in suit, number
of scientific stations visited, and permissible radius of
operations. A detailed description of their structure and
instructions for their use are presented.

The charts are limited to consideration of only the
life support operational constraints in traverse design. No
consideration is given to such factors as communication, navi-
gation, or geological objectives, and these areas must be
considered separately. The charts are merely intended to be
tools for use in traverse design and vehicles for tradeoff
analyses. When used with caution and judgment, they can be
effective in performing this task.
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INTRODUCTION

Multiple attempts over the past month have produced a
series of charts which can be used to determine the effects of
operational constraints and limitations on lunar surface EVA
operations for traverse planning purposes. Either of the two
charts presented here, representing the latest generation in
development, performs this function. An earlier version of each
was used in a previous exercise (1) to plan lunar surface tra-
verses. Because of the large number of people whose ideas con-
tributed to the structure and format of these charts in the
process of their iterative development cycle, neither the credit
nor the blame for their existence may be attributed to any one
individual.

The significant parameters in these charts are total
traverse distance, PLSS consumables limitations, total time in
suit, number of scientific stations visited, and permissible
radius of operations. Three modes of locomotion are considered
--walking at 4 km/hr, riding the rover at 5 km/hr, and riding
at 10 km/hr. The charts are developed for the A7L suit with the
-7 PLSS and the SLSS. One chart is a nomograph and the other a
graph. Although they differ slightly in the amount of informa-
tion presented, either is equally valid for solving the opera-
tional constraints problem. They are both presented because
various individuals have preferred one or the other format for
working purposes.

ASSUMPTIONS

The metabolic rates shown in Table 1, which form the
basis for the charts, reflect Apollo 11 and simulator experience,
and are generally agreed upon throughout the program for planning
purposes (2). They include the four major activities of lunar
surface EVA. The increased values used for walking reflect the
effects of payload, slope, wander, and surface characteristics.
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The emergency walking value is lower than the nominal because it
is assumed that the payload of 80 lbs will be discarded in an
emergency walking return to the LM.

A total of 1 1/2 hours of overhead, as generally agreed
upon and listed in Reference 2, is charged to the PLSS for each
EVA, reducing its usable capacity from 6000 Btu to 4350 Btu. In
an emergency return to the LM, 15 minutes of overhead for LM in-
gress and pressurization are charged to the SLSS, making its

usable capacity 2125 Btu. The life support system capabilities
are shown in Table 2.

Both a 5-hour and a 6-hour nominal suit time limit are
shown, since a firm decision on the value to be used has yet to
be made. No emergency suit time limit is used, although the
6-hour nominal suit limit should make emergency suit times of
more than 7-hours very unlikely, and similarly a 5-hour nominal
limit makes a 6-hour emergency time unlikely. A ground rule is
that in the event of PLSS failure return to the LM be accomplished
on the SLSS in the nominal mobility mode. The SLSS has a capabil-
ity for a 15.2 km return to the LM on the rover at 5 km/hr and 30.4
km at 10 km/hr. These values are shown on the charts. Walking return
at 4 km/hr permits a 6 km emergency distance on the SLSS. These
values determine fixed maximum operational radii from the LM for
each mobility mode. In the event of rover failure, a walking return
using both PLSS and SLSS consumables is assumed. This represents
a modification of a suggested PLSS consumables only return assump-
tion. Since the SLSS provides a 6 km walking return distance, any
traverse which goes more than 6 km from the LM must provide suf-
ficient PLSS reserves to return walking to the 6 km radius point
during the time that the rover is beyond this point. Similarily, if
a PLSS consumables only return is assumed, PLSS reserves must be
sufficient to return to the ILM. The required PLSS reserves for
walkback are integrated into the planning charts.

This analysis does not in any way deal with related tra-
verse problems such as communications constraints or navigation
requirements. Since the communications system is presently still
undefined and navigation problems are a matter of debate, they have
been eliminated from consideration. Clearly in a final planning
stage, they must be integrated into the analysis. For the present,
however, these charts may help to develop techniques and preliminary
plans for tradeoff purposes.

CHART 1

Chart 1 (Figure 1) is in the form of a nomograph with
five lines upon which the significant parameters are plotted.




Starting from the left, the first line indicates traverse distance.
It has three scales, corresponding to walking at 4 km/hr and riding
at 5 km/hr and 10 km/hr. The maximum radius allowed by the SLSS
return is shown on this scale, although this is an emergency return,
rather than nominal traverse, distance. The second line indicates
the PLSS consumables used in a walking mission. In a nominal mis-
sion, no more than 4350 Btu's may be used, and this defines the
PLSS limit shown. Line 3 indicates the number of hours which have
been spent on the traverse. This is the number of hours of suit
time minus the overhead. Thus with the 1 1/2 hour overhead, the
6-hour suit limit appears at 4 1/2 hours, and the 5-hour suit limit
at 3 1/2 hours.

The fourth line plots PLSS consumables used (in Btu's
expended) in a riding traverse up the right side and PLSS
reserves for emergency walkback down the left side. As in walking
missions, in a nominal riding mission no more than 4350 Btu's may
be used, and this defines the PLSS limit shown. At this point,
there are 6 km of walkback available in the SLSS, and for each
additional km of walkback required 350 Btu's in the PLSS are
reserved. If the rover is 10 km from the LM, only 2950 Btu's may
have been used in the traverse to that point. As the rover returns
toward the LM, these PLSS reserves are no longer required, so that
at 8 km return distance a total of 3650 Btu's may have been used.
If a PLSS consumables only walkback is assumed, 6 km must be sub-
tracted from the values shown. Line 5 indicates the amount of time
spent on science at the various stations. As an aid, the number of
sites visited is also plotted for 10 minute, 15 minute, and 20 min-
ute site times.

In order to use the nomograph, a point is chosen on
the distance line corresponding to the distance traversed in the
appropriate mobility mode. A second point is selected on line 5
corresponding to the amount of time to be spent on science. A
line connecting these two points intersects lines 2, 3, and 4,
giving the amount of time spent in the traverse (line 3) the cumu-
lative metabolic load (line 2 for walking and line 4 for the rover),
and the walkback distance capability. A detailed description of
the use of the chart in the form of a sample traverse plan is given
in Appendix A.

CHART 2

Chart 2 (Figure 2) presents most of the same information
in graphical form. Although it does not show margins as clearly as
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Chart 1, it is somewhat easier to use. Traverse distances are plot-
ted along the abscissa in two scales. The upper scale applies to
the rover at 5 km/hr or walking at 4 km/hr. The lower scale is used
for the rover at 10 km/hr. The ordinate indicates the amount of
time spent on science at the various stations. As an aid, the num-
ber of sites visited is also plotted for 10 minute, 15 minute, and
20 minute site times.

Total traverse distance and the number of sites visited
in riding missions are determined by the -7 PLSS consumables limit
line and the 6-hour suit limit line, or the 5-hour suit limit line.
For walking missions, the dashed -7 PLSS consumables limit (walking)
line determines the traverse distance and number of sites. Walk-
back capabilities over the 6 km provided by the SLSS are shown by
the dashed lines parallel to the riding PLSS consumables limit. As
in Chart 1 these values must be reduced by 6 km if a PLSS consum-
ables only walkback is assumed. The walkback limits are bounded on
the lower end by the time required to ride out to the walkback
points, and on the higher end by the SLSS rideback limit, which
defines the maximum radius of operations. Thus any point to the
left of the rideout limit lines is within walkback capability, and
any point to the right of the SLSS rideback line is beyond riding
capability. Examples which describe the use of this chart are
given in Appendix B.

CONCLUSION

The charts presented here may be used as tools to aid in
the design of lunar surface traverses. They are only "slide rules"
for determining the life support constraints of the traverses, and
give no more consideration to communication or navigation restric-
tions than they do to the geological objectives. They must, there-
fore, be used with caution and judgment.

The validity of these charts is no greater than the
validity of the assumptions which define them. Any change in the
metabolic rates assumed (Table 1) invalidates both charts. Although
Chart 1 can be easily modified to account for changes in ground
rules, such as suit time limits or walkback constraints, Chart 2
must be redrawn for any such changes.

There is a strong restriction on these charts: They are
aids, not answers. Given this caveat, it is hoped that they will
prove useful in performing lunar surface traverse tradeoffs.

2032-PB-tla

Attachments




APPENDIX A

A SAMPLE TRAVERSE PLANNING EXERCISE WITH CHART 1l:

As an example of the method used for traverse planning
with Chart 1, consider the proposed science traverse shown in
Figure 3A. The total distance covered by the traverse is
25 km, and 6 science stations are to be visited for 15 minutes
each in the order indicated. A 10 km/hr rover is to be used,
and a 6 hour suit limit is assumed.

Question 1: 1Is the traverse within suit time and
PLSS consumables limits?

Step 1: Locate 25 km on the 10 km/hr rover scale
on line 1 and 6 sites on the 15 min./site scale on line 5.

The line drawn between them indicates a 4 hr traverse time
(line 3) and a 3300 Btu metabolic load (line 4 for a rover
traverse). There are large margins available.

Question 2: Are any SLSS limits violated?

Step 2: The 10 km/hr rover SLSS limit is 30.4 km
as seen on line 1. Then the maximum return radius cannot
exceed 30.4 km., Since the entire traverse is only 25 km,

SLSS limits will pose no problems.

Question 3: Can the suit time limit and PLSS
consumables margins be used to gain extra capability?

Step 3: Keeping the point at 25 km fixed draw a
line through the 6 hr suit limit (which is the first limit
reached) to show that 8 sites can be visited.

Step 4: Using the original 6 sites point on line 5
draw a line through the 6 hr suit limit to show that 30 km
can be traversed. These two steps form a capability envelope.

Step 5: Increasing the number of science sites
to 7, draw a line from 7 sites through the 6 hr suit limit
to show that 27.75 km can be traversed.
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In this case, it will be assumed that the greatest
scientific yield can be obtained by reaching a single addi-
tional site at a slightly greater distance. The other
alternatives would be to increase the traverse length a
great deal with the same number of sites, or to increase the
number of sites while keeping the traverse length constant.
Accordingly, the traverse is redesigned to pick up an addi-
tional scientific station as shown in Figure 3B. The traverse
is now 27 km long and visits 7 science stations.

Question 4: Are any walkback constraints violated?

Step 6: Start by checking the site farthest from
the LM, site 5. Emergency return from site 5 would be accom-
plished along the planned traverse route. Site 5 is 15 km
into the traverse, with a 12 km walkback return. Draw a
line from 15 km on the distance scale to 5 sites on the
science station scale. This intercepts the walkback scale at
11.6 km, indicating that the walkback requirement is violated.

Question 5: What modifications to the traverse
are reguired to remove the walkback violation?

- Step 7: If the route is traversed in the opposite
direction (clockwise instead of counterclockwise) site 5 is
only the third site, only 12 km into the traverse with the
same 12 km walkback requirement. Draw a line between 12 km
on line 1 and 3 sites on line 5. This shows a 13.7 km walk-
back capability, well beyond the requirement. Therefore,
no change in the traverse is necessary except that a clockwise
direction should be used.

Question 6: Are there any other possible walkback
violations?

Step 8: Site 4 is the fourth station, 14.5 km into
the traverse, going clockwise. The specially planned emer-
gency return path (dashed line) is 10 km in length. A line
between 14.5 km on the distance scale and 4 sites on the
science station scale intercepts 12.4 km on the walkback
scale, indicating a good margin. To be thorough, site 3

should also be checked. It is also within walkback range.




The farthest site is not always the most constrain-
ing in terms of the walkback requirement. This is why sites
4 and 3 would be checked. TIf these were far enough from
the LM, the additional consumables spent at that distance
could violate the walkback limit even though a farther out
site earlier in the traverse did not.



APPENDIX B

EXAMPLES OF THE USE OF CHART 2

Since the technique used in traverse planning is

presented in detail in Appendix A for Chart 1, it will not

be repeated here. The examples here will locate the same
points as were found in Appendix A, and reference is made to
the appropriate values as used in Appendix A. A careful
reading of Appendix A is recommended before traverse planning
with either chart is attempted.

1. To determine suit time and PLSS consumables limits
for the nominal traverse (as in step 1 of Appendix A):

Locate the traverse distance, 25 km, on the 10 km/hr rover
scale on the abscissa. Locate 6 sites on the ordinate. Draw
a vertical line from the traverse distance and a horizontal
line from the number of sites to their point of intersection.
Since this point is within the bounds determined by the PLSS
consumables and assumed 6 hour suit fime limit lines, there
are margins available. ‘

2. To determine the capability available from the
margins (steps 3, 4, and 5 of Appendix A): Extend the hori-
zontal line from 6 sites to the suit limit line and draw a
vertical line from the intersection with the 6 hr suit limit
to intercept the abscissa at 30 km. Extend the vertical line
from 25 km to the 6 hr suit limit and draw a horizontal line
from this intersection to the ordinate at 8 sites. Note that
the envelope so formed includes the 7 site, 27.75 km option
chosen.

3. To determine SLSS limit violations: Note that the
maximum radius indicated on Chart 2 is 30.4 km, greater than
the entire traverse length.



o)
ni
r
P
0
0
»

|‘C. - B—2 -
4, To determine emergency walkback capability (step 6
in Appendix A): Site 5 is 15 km into the traverse with a

12 km return path along the planned traverse route. Enter
15 km on the abscissa and 5 sites on the ordinate. Their
intersection defines the walkback capability read on the

dashed walkback lines.

The 11.6 km indicated is insufficient.
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TABLE 1
ASSUMED METABOLIC EXPENDITURES
ACTIVITY METABOLIC RATE (BTU/HR)

WALKING (4 KM/HR) 1000
RIDING 700
SCIENCE 1100
OVERHEAD 1100

WALKING VALUES USED AS MODIFIED BY PAYLOAD SLOPE, WANDER
FACTOR, ETC:

NOMINAL 1625 BTU/HR

EMERGENCY (NO LOAD) 1400 BTU/HR
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TABLE 2

LIFE SUPPORT SYSTEM CAPABILITIES

-7 PLSS CAPACITY 6000 Btu
1 1/2 HOURS OVERHEAD -1650 Btu
AVAILABLE FOR TRAVERSE 4350 Btu
SLSS CAPACITY 2400 Btu*
15 MIN. OVERHEAD - 275 Btu
AVAILABLE FOR RETURN 2125 Btu

*excludes 800 Btu reserved for LM/CM soft dock transfer
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